, 233-245The decrease in tyrosinase activity following incubation of melanosomes isolated from mouse melanoma with dopa appeared to be related to the degree of in vitro melanization of melanosomes caused by incubation with dopa. The inactivation similarly occurred in the dopa-tyrosinase reaction system containing ascorbic acid, although in the presence of ascorbic acid the dopa-quinone is immediately converted back to dopa and therefore melanin formation does not take place. The mode of inactivation of tyrosinase in melanosomes appeared to be similar to the reaction inactivation which is known to occur in the reaction of plant tyrosinase. Superoxide anion (02) and singlet oxygen (1O2) were estimated but undetectable during the dopa-tyrosinase reaction.
Thus the inactivation of tyrosinase is not caused by the reaction products or the oxygen radicals.
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In mammals, melanin is synthesized by melanocytes, specialized cells character ized by the presence of tyrosinase (EC 1. 14. 18. 1; Monophenol, dehydroxyphenyl alanine: oxygen oxidoreductase). Tyrosinase is responsible for the aerobic oxidation of L-tyrosine to dopa and dopa to dopa-quinone, which in turn, is converted to 5,6-dehydroxy indole. This monomer is then oxidized and polymer ized, being mixed with other intermediates such as dopa-quinone, dopa-chrome and others, to form a large polymer which is believed to be attached, through its quinone linkages, to the amino or sulfhydryl groups of the protein matrix of the melanosomes (Mason 1967; Duchon et al. 1968) . Melanin formation and deposition occur only on cytoplasmic particles of the melanocyte because the enzyme tyrosin ase is bound to specialized organelle melanosomes in the melanocytes (Seiji 1967) . In the process of melanization, melanosomes are gradually transformed into mature melanosomes with the deposition of melanin on their internal structure and in the mature melanosomes, uniformly dense particles without discernible internal structure, tyrosinase is no longer active (Seiji 1967) . The relationship between melanization and tyrosinase activity of the melanosome has been studied (Seiji and Miyazaki 1971; Seiji et al. 1973; Shimao et al. 1974) . The decrease in tyrosinase activity following incubation with dopa of melanosomes isolated from mouse melanoma appeared to be related to the degree of in vitro melanization of melanosomes resulted by incubation with dopa (Seiji and Fitzpatrick 1961). In vitro experiments with melanosomes isolated from mouse melanoma indicated that the melanosomes which are less melanized and possess higher tyrosinase activity synthesized more melanin than the melanosomes more melanized and possessing lower tyrosinase activity (Seiji et al. 1973) . From these observations the reduction in activity has been simply assumed to result from a blocking of the active centers of the enzyme with the quinoid intermediates. Kinetic studies have been carried out on the total inactivation which occurs in tyrosinase reaction in mammals. The relationship between the amount of tyrosinase used and the amount of dopa disappeared was studied in the course of enzymic oxidation of dopa in vitro, and the results of kinetic analysis indicated that the degree of inactivation of tyrosinase was nearly proportional to the total concentration of tyrosinase present and the features of the inactivation appeared to be similar to the reaction inactivation which is known to occur in the reaction of plant tyrosinase (Shimao et al. 1974 ). The reaction inactivation does not appear to be caused by products known to be formed during the oxidation of catechol, but occurs at the time when catechol is oxidized (Nelson and Dawson 1944).
The experiments described in the present paper were performed in an effort to clarify further the relationship between the inactivation of tyrosinase and melanization of melanosomes. Tyrosinase catalyzes the oxidation of dopa to dopa-quinone.
When the reaction mixture contains ascorbic acid, ascorbic acid rapidly converts dopa-quinone back to dopa nonenzymatically and the further oxidation of dopa-quinone to leucodopa-chrome is prevented (Lerner and Fitzpatrick 1950; Pomerantz 1963) , so that as long as ascorbic acid remains present, melanin formation does not take place. In other words, in the presence of ascorbic acid, tyrosinase reacts with dopa as substrate but the melanin forma tion is prevented so that it is possible to examine whether the reacton inactivation of tyrosinase does occur or not. Such experiment is carried out in the present study.
With respect to inactivation of tyrosinase, however, another possibility should be considered. Since tyrosinase is one of the oxygenases which utilize a molecular oxygen, activated forms of oxygen might be generated during the reaction and these activated oxygen species may attack the tyrosinase protein to be in activated. In the present study, examinations are also made on whether or not superoxide anion (02) or singlet oxygen (102) is produced in the tyrosinase reaction by employing scavengers of oxygen radicals and by measuring chemilumi nescence with a liquid scintillation counter. At the same time, changes in tyrosinase activity of the melanosomes during such washings were examined. Melanosomes were suspended in 0.1 M phosphate buffer (pH 6.8) and subjected to the three-time-washing. An aliquot of melanosomes obtained after each of washings was taken for the determination of tyrosinase. As shown in Table 2 , after three-washing about 20% of tyrosinase activity was lost. Effect of ascorbic acid on the tyrosinase activity during melanization of melanosomes in vitro
The in vitro experiment designed to test the effect of ascorbic acid on the inhibition of tyrosinase during in vitro melanization of melanosomes is essentially the same as that used by Seiji and Fitzpatrick (1961) for the in vitro melanization of melanosomes. Fig. 2 shows the experimental procedures and the results obtained. In the first step, melanosomes were incubated with dopa, 50 mM of ascorbic acid and 0.1 M phosphate buffer (pH 6.8), in a total volume of 5 ml (EDA). Simultane ously, as controls, melanosomes were incubated under the similar conditions but without ascorbic acid (ED) or without ascorbic acid and dopa (E), so that the specific effect of ascorbic acid could be estimated. After incubation for 30 min, the reaction mixtures were cooled in an ice-water bath, centrifuged at 14,000 X g for 10 min, and then the melanosomes were resuspended in 0.1 M phosphate buffer (pH 6.8). The washing procedure was repeated consecutively three times. Then melanosomes in the systems E, ED and EDA thus treated were assayed for tyros inase (the second step reaction) and the results are depicted by E', E'D' and E'D'A' in Fig. 2 , respectively. The results of a typical experiment are also indicated in Table 3 . Table 3 shows a significant decrease in the tyrosinase activity of melano somes incubated with dopa and with dopa plus ascorbic acid, tyrosinase activities of melanosomes incubated with dopa alone. At the end of incubation of the first step, the color of the reaction mixture of ED was deep purple and those of E and EDA were the same as those before incubation.
When melanosomes and ascorbic acid were incubated without dopa, the time course of absorbancy of the reaction mixture was almost the same as that of E'. , it was assumed that in the process of melanization, melanosomes are gradually transformed into mature melanosomes with the deposition of melanin on their internal structure and in the mature melanosome, which is a uniformly dense particle without discernible internal structure, tyrosinase is no longer active. The activities of tyrosinase and acid phosphatase which are known to exist in the melanosomes, decreased significantly when melanosomes were melanized in vitro (Seiji and Fukuzawa 1972). The reduction in activity has been simply assumed to result from a blocking of the active centers of the enzyme with quininoid intermediates. And the blocking of the active centers in tyrosinase and acid phosphatase are assumed to be very tight and no longer possible to dissociate them again. The inactivation process of tyrosinase would be irreversible during melanization of melanosomes (Seiji and Fukuzawa 1972). Careful examination of the effects of melanization in vitro on the activities of tyrosinase and acid phosphatase of melanosomes indicated that the rate of decrease in enzyme activity was much greater in tyrosinase than in acid phosphatase.
Although the rate of inactivation of tyrosinase may not necessarily be the same as that of acid phosphatase in view of the facts that these enzymes are quite different in their natures and also are located independently in the melanosome structure, the observation that the tyrosinase was inactivated more strongly than acid phosphatase leads to assume that the inactivation in the dopa-tyrosinase reaction would proceed in more specific way. As has been shown previously (Seiji et al. 1973; Shimao et al. 1974 ), when various amounts of tyrosinase were incubated with excess amounts of 14C-L-dopa, the radioactivities of the 14C-dopa remaining in the supernatants, which were obtained after centrifugation of the reaction mixtures at various incubation times, decreased as melanin formation proceeded and the decrease in 14C-dopa reached a final value at a certain incubation time in all experimental groups. In other words, melanin formation no longer took place even though dopa as the substrate still remained in the reaction mixture.
The relationship between the amount of tyrosinase added and the amount of melan in formed at the final stage did not show linear but upward convex curve. The kinetic studies on the mechanisms of total inactivation of tyrosinase indicated that the velocity of inactivation was not dependent on the product concentration but on the total concentration of the enzyme in action. (Shimao et al. 1974) . Therefore, the inactivation of tyrosinase was assumed to occur prior to the binding of the reaction products with tyrosinase.
Inactivation mechanism of plant tyrosinase in the oxidation of catechol was already studied by Ludwig and Nelson (1939) . When catechol is oxidized with an excess of the plant tyrosinase, two atoms of oxygen are consumed per mole of the substrate.
If, however, less than a sufficient amount of the enzyme is added, then the enzyme becomes inactivated before the catechol is completely oxidized.
The inactivation of one unit of catecholase has been found to involve a definite amount of oxygen uptake and a definite amount of catechol oxidation.
But this inactiva tion of the enzyme was not due to o-benzoquinone formed in the oxidation of the catechol, and was not influenced by the rate of oxidation of the catechol, hence the long-time exposure of enzyme to the reaction mixture was without effect on its activity, and the total amount of oxygen consumed per unit of catecholase inactivated was independent of the concentration of catechol added.
In the case of mammalian tyrosinase, as shown in Fig. 1 , the inactivation of tyrosinase also took place during the enzyme reaction. In tyrosine-and/or dopa-tyrosinase reaction, the 5 and/or 4 atoms of oxygen are consumed per mole of the substrates, respectively and various intermediates including dopa-quinone, dopa-chrome and 5,6-hydroxyindole are formed. A large polymer formed by these oxidation products combines, through its quinone linkages , to the amino, or sulfhydryl group of the protein matrix including tyrosinase (Wood and Ingraham 1965). Thus, the active centers of the enzyme may be blocked with such polymer . Therefore in order to elucidate the effective role of the product , melanin, in the total inactivation mechanism, it is needed to examine whether the reaction inactiva tion of tyrosinase does occur without melanin formation. This was shown by oxidizing dopa in the presence of an excess of ascorbic acid . Ascorbic acid converts dopa-quinone to dopa immediately after production of dopa-quinone , thereby preventing the further oxidation of dopa-quinone during the course of the reaction. Then melanosomes were incubated with an excess of ascorbic acid and various amount of dopa (Table 3) . Under the experimental conditions used, 50 mM of ascorbic acid was found to be sufficient as an excess amount of ascorbic acid. It is also known that through the mediation of dopa, tyrosinase oxidizes ascorbic acid to dehydroascorbic acid, diketo-l-gulonic acid and other unknown substances (Nakajima et al. 1969). And it was found to be sufficient that after washed three times by centrifugation, melanosomes treated in the first step reaction were separated completely from the remaining dopa and ascorbic acid, and dehydroascorbic acid and other oxidation products formed in the reaction mixture. (Table 2 ). In Fig. 2 , it was clearly shown that the tyrosinase activity of melanosomes incubated with dopa and ascorbic acid in the first step was the lowest in the second step. It was lower than that of melanosomes incubated with dopa alone. In other words, tyrosinase was inactivated when dopa-tyrosinase reaction took place whether the melanin is formed or not. The tyrosinase was not inactivated when melanosomes were incubated with ascorbic acid alone for 30 min under the same experimental conditions (data not shown). Then, the effect of dehydroascorbic acid, diketo-l-gulonic acid and other oxidation products should be considered on the tyrosinase activity. These compounds formed in the first step reaction are eliminated completely in the washing process and it is most unlikely that tyrosinase is inactivated due to the contact with these compound during the first step reaction. Therefore, in this case, the inactivation of the enzyme takes place in the process of the reaction, but is not due to the reactants nor to the reaction products present in the reaction system.
One of the substances which might inactivate the enzyme in the dopa-tyro sinase reaction is the activated form of oxygen such as 02 or 102. Tyrosinase is one of the oxygenases which utilize a molecular oxygen as a substrate. Several oxygenases, such as xanthine oxidase, have been showed to produce 02 or '02 in their catalytic cycles (Fridovich 1970 ; Pederson and Aust 1973). These radicals are so highly reactive species that they should react towards cellular component in vivo. If these oxygen free radicals are produced in the tyrosinase reaction, it may be possible that they can attack the tyrosinase protein itself to be inactivated. Thus it was examined whether or not 02 or 102 was produced in the tyrosinase reaction. As shown in Table 4 , each one of the scavengers, such as superoxide dismutase that catalytically scavenges 02, Tiron as the scavenger for 02, guano sine and 1,4-diazobicyclo (2.2.2)-octane as the scavengers for 1O2, was added to the reaction mixture of dopa-tyrosinase or tyrosine-tyrosinase. Dopa-chrome formation was not significantly affected. Then it does not appear that the O2 or 102 is an intermediate of catalytic process in both hydroxylation of tyrosine to dopa and oxidation of dopa to dopa-quinone.
The possbility that 02 or 10, may be generated, not as an intermediate in the course of tyrosinase reaction, under the certain circumstances in the conversion of tyrosine to dopa-chrome was also examined. Generally, 0.-, produced can be detected by its ability to reduce cytochrome c, which can be followed at 550 nm, and also it will be inhibited by superoxide dismutase.
As shown in Fig. 3 , either dopa alone or tyrosine plus dopa in the phosphate buffer solution was able to reduce cytochrome c, and when the partially purified tyrosinase was added to each of those solutions, cytochrome c was reduced markedly. But all these reductions of cytochrome c were not affected by addition of 750 nM of superoxide dismutase. The same amount of superoxide dismutase can attain about 90% inhibition of cyto chrome c reduction in xanthine oxidase system. Addition of 10 mM Tiron completely inhibited the reduction of cytochrome c in the xanthine oxidase reaction, but not in the tyrosine-tyrosinase reaction, Tiron rather increased the reduction of cvtochrome c at this concentration. One more examination was carried out for detecting the 10, directly. It is known that when 102 decays to the ground state such as triplet state (302), energy is liberated as extremely weak emitted light which can be detected by utilizing the liquid scintillation counter with the coincidence circuit turned off (Nakano et al. 1975 ; Sugioka and Nakano 1976). As a control, the acetaldehyde-xanthine oxidase reaction system, in which it is already known that chemiluminescence is produced (Arneson 1970) , was carried out. Signals of about 5,500 counts above the back ground count were recorded in the first 6 sec incubation and then decayed. On the other hand, the count for luminescence in tyrosine-tyrosinase reaction was less than about 100 counts, therefore, the production of 102 appeared to be very little, if any, in the tyrosinase reaction (Fig. 4) . 
